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SUMMARY

An investigation has been conducted in the Langley transonic blowdown tunnel
to determine the effects of variations in Mach number, nose bluntness, fineness
ratio, cone semiangle, and base shape on the static longitudinal characteristics
of low-fineness-ratio blunted cones. The tests were made at Mach numbers from
about 0.8 to 1.2 through an angle-of-attack range that generally varied from 0°

to 180°. Reynolds number, based upon the base diameter, varied from 3.67 X 106
to 5.32 x 106.

The results of the investigation indicate that all shapes tested have a
stable trim point at an angle of attack of 180° that is undesirable for a passive
entry body designed to enter along a purely ballistic path. Variations in Mach
number, nose bluntness, cone semiangle, and base shape had no significant effect
on the static stability, but increases in fineness ratio caused decreases in sta-
bility at angles of attack up to 45° with the moment reference center located at
two-thirds of the body length from the nose. Increases in fineness ratio and
decreases in cone semiangle generally caused an increase in normal force over most
of the test angle-of-attack range. Variations in nose bluntness and base shape
had little or no effect on normal-force coefficient. At angles of attack up to
about 1600, increases in fineness ratio generally caused a reduction in the abso-
lute values of axial force. 1In general, variations in cone semiangle had little
effect on axial force, except at angles of attack near 0° at Mach numbers of 0.8
and 1.2 and near 90° at M = 0.8. Variations in nose bluntness and base shape
below 80° angle of attack had little or no effect on axial force, but at angles
of attack from 80° to 1800, varying the base shape from convex to concave caused,
in general, a large increase in the absolute values of axial force.

INTRODUCTION

The National Aeronautics and Space Administration is conducting an investi-
gation to obtain systematic information from low subsonic to hypersonic speeds on



bodies of a type that can be used for unmanned,: passive, planetary probes. The
selection of a shape for this type of probe must.take into account the effects of
the geometric parameters that influence not only the heating problems but also the
static and dynamic stability. For blunt, low-fineness-ratio cones (a type consid-
ered for a Venus or Mars passive probe), the important geometric parameters
include nose bluntness, base shape, cone semiangle, and body fineness ratio. The
stability of the vehicle should be such that the vehicle will assume and remain
in a nose-forward attitude (a = 0°) during the entire entry phase even though
initial entry may be made at angles of attack up to 180°.

This paper presents the results of a transonic investigation of low-fineness-
ratio blunted cones intended for use primarily as unmanned planetary probes. The
results show the effect of variations in nose bluntness, cone semiangle, base
shape, and fineness ratio on the static longitudinal aerodynamic characteristics.
The tests were made in the 26—inch Langley transonic blowdown tunnel at Mach num-
bers from about 0.8 to 1.2 through an angle-of-attack range that generally varied
from 0° to 180°. Reference 1 presents the results of tests at supersonic speeds
at angles of attack to 180° on bodies essentially identical to those of the pres-
ent tests. Results showing the effects of variations in some of the geometric
parameters mentioned on the longitudinal aerodynamic characteristics of other
blunt ballistic bodies over various low angle-of-attack ranges at transonic speeds
are presented in references 2 through 5.

SYMBOLS

The force- and moment-coefficient data are referenced to both the stability
and body systems of axes. The coordinate origin was taken on the body axis of
symmetry at a point 66.6 percent of the body length from the nose.

a diameter of front face of theoretical cone frustum, in.
b diameter of flat area on model nose, in.
c longitudinal length of conical afterbody, in.
€, ~ axial-force coefficient, Axi8L force
Cp drag coefficient, Drag.
qu
cr 1ift coefficient, Lift
q A

Pitching moment
g Ad

pitching-moment coefficient,



Cm/ Cy

H

d

=2

longitudinal center-of-pressure location, fraction of base diameter
from moment reference center

Normal force

q A

normal-force coefficient,

reference length (maximum diameter at base of cone), in.

lift-drag ratio, CL/CD

nose bluntness factor, b/a (fig. 1)

length of model, nose to flat base (fig. 1), in.
free-stream Mach number

free-stream dynamic pressure, lb/sq in.
nose-edge radius, in.

radius of spherical base, 1.25d, in.

2

nd .
reference area, area of flat base, —Z—’ sq in.

angle of attack, deg
fineness ratio, 1/d

cone semiangle, deg

MODELS

digit code as follows:

(a) First digit gives nose-bluntness
factor K:

ratio A:
F?r§t K S@c?nd A
digit digit
1 O (Spherical) 1 0.50
2 <50 2 )
3 NP ) 1.00

d,

The geometrical description of a typical model is shown in figure 1 and the
dimensions for the nine configurations tested are listed in table I.
of the models are shown as figure 2.

Photographs
The configurations are identified by a four-

(b) Second digit gives fineness



(¢) Third digit gives cone semi-
- angle ©:

g?éii 0, deg
1 10
2 15.
3 20
L c
1 B

Figure 1.- Sketch showing geometric param-
eters of planetary entry models.

(d) Fourth digit gives base shape:

g:zith Shape
1 Flat
2 Convex
3 Concave

Example: Configuration 1221 has a spheri-
cal nose, fineness ratio of 0.75, cone
semiangle of 15°, and a flat base. For

-each configuration, there were two or three

models which were identical in shape except
for the position of the balance-mounting
hole. (See fig. 3.) All models were made
of polished stainless steel and had 4-inch-
diameter bases, except configuration 1121

mounted at 90° to the sting. This partic-

ular model, used for tests at angles of
attack from 44° to 137°, was a 1l.5-scale
model of the nose- and base-mounted models
and was made of aluminum. (See fig. 2(b).)
This larger size model of configuration
1121 was necessary to provide sufficient
balance-mounting space.

The basic configuration was designated
1221. The variations from this configura-
tion were: +two flat-nosed configurations,
2221 and %221; two different fineness-ratio

configurations, 1121 and 1321; two different cone- semiangle configurations, 1211
and 1231; and two different base shape configurations, 1222 and 1223. (see

fig. 2.)

APPARATUS AND TESTS

The tests were made in the Langley transonic blowdown tunnel which has a
slotted octagonal test section measuring 26 inches between flats. Model forces
and moments were measured with a six-component internal strain-gage balance and

recorded on pen-type strip recorders.

The pressures necessary to determine

dynamic pressure and Mach number were cbtained on quick—response flight-type

recorders.
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TABLE I.- GEOMETRIC PARAMETERS OF LOW-FINENESS-RATIO

BLUNTED-CONE PLANETARY-ENTRY MODELS

Configuration a, in.|b, in.|l, in.|d, in.|c, in. *r, in.}0, deg Base
code :
1221 2.392 0 3 4 1.845] 1.559 15 Flat
2221 2.%92 [1.196 3 L 2.423| .T79 15 Flat
3221 2.392 | 1.794 3 L 2.711] .390 15 Flat
1121 2.928 0 2 4 .587| 1.907 15 Flat
1121 (large) |4.392 0 3 6 .880| 2.861 15 Flat
1321 11.8%6 0 4 4 3,103 1.210 15 Flat
1211 2.942 0 3 4 1.550| 1.753 10 Flat
1231 1.816 0 3 4 2,14%7| 1.207 20 Flat
1222 2.392 0 3 b 1.845| 1.559 15 |Convex (R = 5 in.)
1223 2.392 | 0 3 L 1.845| 1.559 | 15 |[Concave (R = 5 in.)

*Spherical when b equals zero.

Balance angles of attack from
0° to 21° and from 25° to 45° were
Base mounted obtained with a straight sting and a
250 bent sting, respectively. The
model angle-of-attack range of 0° to
15 az ¥° - - ——& 180° was obtained by mounting the
models at 0°, 90°, and 180° relative
to the longitudinal axis of the bal-
ance. (See fig. 3.) Table IT indi-
‘ cates the sting used and the model-
Air Flow mounting position for each angle-of-
attack range. For these sting and
model combinations, the model angle

TS T TR 7Y Top mounted . N
WO =g =90° — 3 / of attack was always increased posi-
\\ V tively during each test run. Data
-+ ) —“7%’ were obtained for each configuration
85°= o = 137° ‘\ /) - at about 3° increments for angles of
=o=ut RN / j attack from 0° to 21° and in 5° incre-
- ments for angles of attack from 250

to 180°. The convex- and concave-
base configurations and the two flat-

flose moumted nose configurations were not tested
at angles of attack from 0° to 45°

0 and from 135° to 180°, respectively.

For these angles of attack, the
effect of base shape or nose shape on

| the static longitudinal aerodynamic
characteristics was believed to be

negligible.

134= o = 180° - -

Figure 3.~ Sketch showing typical model in the . . . .
four mounting positions for the different The basic conflguratlon 1221 was

angle-of-attack ranges. tested at nominal Mach numbers of



0.80, 0.90, 0.95, 1.00, and 1.20. The
other configurations were tested at nomi-
nal Mach numbers of 0.80 and 1.20 only.
The Mach numbers are referred to as nomi-
nal because the Mach numbers varied with
angle of attack. This variation was due
to the fact that the tunnel was operated
at a constant stagnation pressure and the
tunnel blockage caused by the sting sup-
port, sting, and model varied with angle
of attack. Measured Mach numbers at the
beginning and end of each angle-of-attack
range are given in table III. Stagnation
pressure was held at 35 pounds per square
inch absolute, except for a few runs on

TABLE IT.- STING AND MODEL-MOUNTING POSITION

Angle-of-attack |Sting angle, Model-mounting

range, deg deg position

0 to 21 0 0° to balance
25 to 45 25 (bent) (base mounted)
4y to 65 25 (bent)

69 to 90 0 90° to balance
90 to 111 0 (top mounted)
115 to 135 25 (bent)
134 to 155 25 (Dbent) 180° to balance
159 to 180 0 (nose mounted)

the 1l.5-scale model of configuration 1121, which were made at a stagnation pres-
sure of 30 pounds per square inch absolute to reduce the balance loads and to keep
the Reynolds number approximately the same as that of the smaller models. The

Reynolds number for the tests, based on the base diameter, varied from 3.67 x 106

to 5.32 X 106. Calculations using the method of reference 6 indicated that the
wall-reflected bow shock would clear the models.

TABLE III.- TEST MACH NUMBERS AT FIRST AND LAST TEST POINTS IN ANGLE-OF-ATTACK RANGE

Nominal First and last value of M, in a ranges between -
Configuration |Omina. Average

Mo -1°, 21° | 259, 47° | Wh©, 65° | 69°, 90° |89°, 111° [115°, 137°(134°, 155° [160°, 180° | My
0.80/0.79, 0.79(0.82, 0.81|0.82, 0.81|0.81, 0.81|0.81, 0.80|0.83, 0.83[0.81, 0.82{0.82, 0.81| 0.81
.90| .90, .87| .91, .89| .91, .93| .90, .89 .91, .89| .93, .92| .91, .90| .91, .89 | .90

1221 95| 9%, .93| .97, .95| .96, .97| .95, .96| .96, .95| .98, .96| .96, .95| .98, .95| .9
1.00f .98, .97(1.03, .99|1.01, 1.01|1.00, 1.03(1.02, 1.01|1.03, 1.01{1.01, 1.0l [1.03, 1.00 | 1.00

1.20(1.20, 1l.20{1.21, 1.20|Ll.21, 1.22|1.19, 1.20|1.20, 1.20|1.24, 1.22|1.21, 1.21|1.21, 1.20| 1.21
o001 .8o| .80, .79| .82, .82| .83, .83| .82, .81 .82, .81| .84, .83 |cccmmecmce |- .82
1.20(1.20, 1.19(1.22, 1.20|1.21, 1.22!1.20, 1.20|1.21, 1.22{1.22, 1.21 —— -|1.21

3001 .80| .80, .80| .82, .81| .82, .82! .82, .82| .83, .82| .83, .BU|ccecmmocee|emem—eeee .82
1.20(1.21, 1.19(1.22, 1.21|1.21, 1.22{1.21, 1.22|1.22, 1.21|1.23, 1.22|-cmmcecmen |mcceeaee—e 1.21

1121 { .8o| .80, .79| .82, .81| .81, .82| .80, .80| .82, .81| .83, .82| .81, .81 .83, .82| .81
1.20(1.20, 1.19(1.20, 1.19|1.21, 1.23|1.22, 1.25]1.23, 1.21|1.21, 1.17|1.21, 1.181.22, 1.20| 1.21

1321 { .80| .80, .79| .82, .81 .83, .84| .81, .80| .82, .80| .84, .82| .82, .81| .83, .82 .81
1.20(1.20, 1.20(1.21, 1.18|1.21, 1.21(1.22, 1.22|1.23, 1.23|1.23, 1.21{1.21, 1.21{1.22, 1.20| 1.21

1211 { .8o| .80, .78| .82, .81{ .83, .84| .81, .80| .81, .81| .8%, .84| .82, .82| .83, .82| .81
1.20{1.18, 1.17{1.20, 1.19(1.21, 1.22(1.19, 1.21|1.22, 1.22|1.21, 1.20(1.21, 1.20(1.22, 1.20| 1.20

1231 { .80| .80, .79| .83, .82| .83, .83 .82, .82 .81, .81| .83, .82| .82, .81| .82, .8L| .81
1.20(1.18, 1.20(1.22, 1.21 [1.22, 1.231.20, 1.20|1.22, 1.22|1.23, 1.21|1.22, 1.20|1.22, 1.19| 1.21

1292 { .80 .84, .83 .82, .81| .80, .80| .84, .83| .82, .81| .82, .82| .82
1.20 1.21, 1.22(1.20, 1.20(1.20, 1.19{1.23, 1.21|1.22, 1.21|1.23, 1.21| 1.21
1223 { .80 — .85, .84| .81, .81 .81, .80| .84, .83| .82, .81 .83, .81| .82
1.20 1.21, 1.22|L.20, 1.20(1.21, 1.20(1.23, 1.21{1.21, 1.20[1.22, 1.19]| 1.21




CORRECTIONS AND ACCURACY

The data of these tests have not been corrected for either tunnel-blockage
effects or sting-interference effects. The axial-force data have not been
adjusted to a condition of free-stream static pressure at the model base. The
.angle of attack has been corrected for sting and balance deflections due to aero-
dynamic loads.

Based upon balance accuracy, the maximum values of random errors in the body
force and moment coefficients are:

ACA = i0.0l
ACp = 10.008

The estimated accuracies of Mach number and angle of attack are:

AM, = 0.01

Ao = 10.1°
PRESENTATION OF RESULTS

The effects of variations in Mach number on the static longitudinal aerody-
namic characteristics of the basic configuration 1221 are presented in figure L.
The effect of variations in nose bluntness on the static longitudinal aerodynamic
characteristics of the basic configuration at Mach numbers of 0.8 and 1.2 is shown
in figures 5 and 6, respectively. In like manner, figures 7 and 8 present the
data for varied fineness ratio, figures 9 and 10 for cone semiangle variations,
and figures 11 and 12 for base-shape variations. The effect of moment-reference-
center location on the variation of pitching-moment coefficient with angle of
attack for configuration 1221 at Mach numbers of 0.8 and 1.2 is shown in
figure 13.

DISCUSSION

In some cases, the data for adjacent angle-of-attack ranges are not contin-
uous. Such discontinuities occur mainly at 45° and 135° angle of attack and are
due primarily to differences in the position of the sting relative to the model.
(See fig. 3.) Discontinuities at angles of attack other than 45° and 135° are

8



most likely due to a difference in Mach number between the last data point on -one
angle-of-attack range and the first data point on the next. (See table III.)

Effect of Mach Number

With the exception of pitching-moment coefficient, variations in Mach number
changed the absolute magnitudes of the aerodynamic coefficients of the basic con-
figuration 1121 (fig. 4). Variations in Mach number had essentially no effect on
pitching-moment coefficient. For the assumed moment reference center, this con-
figuration is slightly unstable up to an angle of attack of about 15° and unstable
from an angle of attack of about 90° to 150°. The configuration is stable at
angles of attack from about 15° to 90° and from sbout 150° to 180°. The stable
trim point at 180° angle of attack is clearly undesirable for a ballistic body
intended to maintain a constant nose-forward orientation throughout its reentry
trajectory.

Effect of Nose Bluntness

The data of figures 5 and 6 at nominal Mach numbers of 0.8 and 1.2, respec-
tively, show that the present type of variation in nose bluntness had no signifi-
cant effects on the static longitudinal aerodynamic characteristics.

Effect of Fineness Ratio

The effects of variations in fineness ratio on the static longitudinal aero-
dynamic characteristics are shown in figures 7 and 8 at nominal Mach numbers of
0.8 and 1.2, respectively. A trend of decreasing stability with increasing. fine-
ness ratio is noted at both Mach numbers at angles of attack from about 0° to 450
with the lowest- flneness—ratlo body‘(% 0.5) the only one of the three tested
that was stable near a = 0°. At angles of attack up to about 45°, the longitud-
inal center-of-pressure location apparently tends to remain near the center of the
spherical nose for the various fineness ratios whereas the assumed moment refer-
ence center, at two-thirds of the model length from the nose, has a relative rear-
ward movement with increased fineness ratio. Fineness ratio had no effect on the
undesirable stable slope.of pitching-moment curves near an angle of attack of 180°.

Generally, increases in fineness ratio caused large increases in normal-force
coefficient at both test Mach numbers through most of the angle-of-attack range.
These increases are associated with the increase in planform area resulting from
increased fineness ratio. The ratios of planform area to reference area for con-
figurations 1121, 1221, and 1321 are 0.41, 0.67, and 0.88, respectively. As
expected, however, little effect of fineness ratio on normal-force coefficient
was noted at angles of attack near 0° or near 180°.

Increases in fineness ratio caused reductions in the absolute values of
axial-force coefficient at angles of attack up to about 75° and between 90 and
155°. Generally, these reductions in CA were larger for an increase in fineness

ratio from A = 0.50 to 0.75 than for the increase from A = 0.75 to 1.00.



Effects of Cone Semiangle

The effects of variations in cone semiangle on. the longitudinal aerodynamic
characteristics of a blunted cone are shown in figures 9 and 10 for Mach numbers
of 0.8 and 1.2, respectively. Variations in cone semiangle had no significant
effects on the longitudinal stability at the two test Mach numbers.

Increases in cone semiangle caused decreases in normal-force coefficient at
angles of attack up to about 35° (figs. 9(b) and 10(b)). Above this angle of
attack, increases in cone semiangle had little or no effect on Cy at Mach num-

ber 0.8 (fig. 9(b)) but caused decreases in normal-force coefficient at Mach num-
ber 1.2 at angles of attack up to 150° (fig. 10(Db)).

Except for angles of attack near 0° at both test Mach numbers and near 90°
at M = 0.8, the effect of variations in cone semiangle on CA was generally

small (figs. 9(b) and 10(Db)).

Effect of Variations in Base Shape .

" The data of figures 11(a) and 12(a) show no significant effect of variations
in base shape on the static longitudinal stability although at angles of attack
between 80° and 140°, variations in base shape did cause some differences in the
values of pitching-moment coefficient for a given angle of attack. The present
variations in base shape had essentially no effect on normal-force coefficient
throughout the entire test angle-of-attack range or on axial-force coefficient at
angles of attack up to about 80°. (See figs. 11(b) and 12(b).) Above 80° angle
of attack, variations in base shape had a considerable effect on axial-force coef-
ficient. From angles of attack of 80° to 180°, the absolute value of Cp 1is, in

general , higher for the concave-base configuration than for the convex base, with
the absolute values of CA for the flat-base configuration occurring between

these values.

Effect of Moment-Reference~Center Location

The pitching-moment data of figures 4(a) through 12(a) indicate that varia-
tions in Mach number, nose shape, fineness ratio, cone semiangle, and base shape
had a negligible effect on the stable trim point at an angle of attack of 180°.
The moment-reference center for these data was. located at two-thirds of the body
length from the nose. The variation of Cp with « was recalculated for con-

figuration 1221 for moment-reference-center locations of 58 and 50 percent of the
model length from the nose at the nominal Mach numbers of 0.8 and 1.2. As shown
in figure 13, forward movement of the moment-reference center increased the sta-
bility near 0° angle of attack and caused negative increments in pitching-moment
coefficient at angles of attack up to about 150°. Above an angle of attack of
150°, however, moment-reference-center location has no significant effect on
pitching moment because the normal-force coefficient in this angle-of-attack range
is almost zero for all test Mach numbers (fig. 4(b)). It is clear that no moment-
reference-center shift would affect the pitching moment near 180° for any of the

10



configurations tested, since all models tested at all test Mach numbers have
values of Cy near zero above an angle of attack of about 150°. All configura-

tions tested had a stable trim point at an angle of attack of 180°; such a trim
point 1s undesirable for a passive entry body from a static stability standpoint
if nose-forward entry is intended.

CONCLUSIONS

An investigation. has been conducted in the Langley transonic blowdown tunnel
to determine the effects of variations in Mach number, nose bluntness, fineness
ratio, cone semiangle, and base shape on the static longitudinal aerodynamic char-
acteristics of low-fineness-ratio blunted cones. The tests were made at Mach num-
bers from about 0.8 to 1.2 through an angle-of-attack range that generally varied
from 0° to 180°. Reynolds number, based upon the base diameter, varied from

3.67 x 105 to 5.32 x 105.
The results of the investigation indicate the following:

1. The configurations of the present investigation all have a stable trim
point at an angle of attack of 180°, which is undesirable from a static stability
standpoint for a passive entry body if nose-forward entry is intended.

2. Variations in Mach number, nose bluntness, cone semiangle, and base shape
had no significant effect on the static stability but increases in fineness ratio
caused decreases in stability at angles of attack up to 45° with the moment-
reference center located two-thirds of the body length from the nose.

5. Increases in fineness ratio and decreases in cone semiangle generally
caused an increase in normal-force coefficient over most of the test angle-of-
attack range. Variations in nose bluntness and base shape had little or no effect
on normal-force coefficient.

k. At angles of attack up to about 1600, increases in fineness ratio gener-
ally caused a reduction in the absolute values of axial-force coefficient. The
effect of variations in cone semiangle on axial-force coefficient was generally
small, except for angles of attack near 0° at both test Mach numbers and near 90°
at Mach number 0.8. Variations in nose bluntness and base shape at angles of
attack below 80° had little or no effect on axial-force coeffcient. However,
variations in base shape had considerable effect on axial-force coefficient at
angles of attack above 80°. The variation in base shape from convex to concave
caused, in general, a large increase in the absolute value of axial-force coeffi-
cient at angles of attack from 80° to 180°.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., April 30, 1963.

11



12

REFERENCES

Shaw, David S., Fuller, Dennis E., and Babb, C. Donald: Effects of Nose
Bluntness, Fineness Ratio, Cone Angle, and Model Base on the Static Aero-
dynamic Characteristics of Blunt Bodies at Mach Numbers of 1.57, 1.80, and
2.16 and Angles of Attack Up to 180°. NASA TN D-1781, 1963.

Treon, Stuart L.: Static Aerodynamic Characteristics of Short Blunt Cones With
. Various Nose and Base Cone Angles at Mach Numbers From 0.6 to 5.5 and Angles
of Attack to 180°. NASA TN D-1327, 1962.

Treon, Stuart L.: The Effect of Nose Shape on the Static Aerodynamic Charac-
teristics of Ballistic-Type Missile Models at Mach Numbers From 0.6 to 1.h4.

NASA MEMO 5-17-59A, 1959.

Fisher, Lewis R., Keith, Arvid L., Jr., and DiCamillo, Joseph R.: Aerodynamic
Characteristics of Some Families of Blunt Bodies at Transonic Speeds. NASA
MEMO 10-28-58L, 1958.

Reese, David E., Jr., and Wehrend, William R., Jr.: An Investigation of the
Static and Dynamic Aerodynamic Characteristics of a Series of Blunt-Nosed
Cylinder-Flare Models at Mach Numbers From 0.65 to 2.20. NASA ™ X-110,
1960.

Moeckel, W. E.: Approximate Method for Predicting Form and Location of
Detached Shock Waves Ahead of Plane or Axially Symmetric Bodies. NACA
TN 1921, 1949.



061

*TS2T UOT3BINITIUOY *oGT JO STIUBTWES SU0D PuB €G).*0 JO OT4BI SSOUSUTI ‘esou TBOTIaYdsS UJTM SUOD pajuntq
98%8Q-38TJ ® JO SOT}STISNYOBIBYD OTWeUAPOISE TBUTPNITIUOT SYU3 UO J2qUNU YOBK UT SUOTIBTIBA JO 309JIJH -*f 2In3TI

‘o mm TG puwe “Ip B jo voTgeramp (B)

Fop ‘o ‘yomyqe Jo oTSuY

08T © OLL 09T 06T o4  OET 021 Ol  ooI 06 08 oL 09 0s ot Of 0z o1 0 01-
3 &85 Phep 45888588
v. g 3 . o . q /
‘ ot B ; -z . ;
b R DD
2 oD, A A I
=
3 3 4
A A
A
2 ¥ Ak
) ¥ %8 B & g o
o O 8 B A A A4 1@
B4 %}@@ |
; =T A
01T v
O
O
o

b

N
e
Q5 ¢quatoryzecs Sexy

91

0°2

V-

b

21

2=

N.'

‘Io ‘queT0TIJ000 33T

"y ¢quetorzzeco

JUOWOW-BU TYO TJ

15



*poNUTIUO) =4 SINITI
o uatw Yo pus Np jo worgeraes (a)

Fep ‘v ¢3jol3B JO OTBUY
06T 08T 0LT 091 0ST 49 OtT 0zt oTt 00T 06 08 oL 09 0g oY ot 0C

V5 ¢quet0173000 90105-TBIXY

.
[}

A A o A
g EB8 8
0O
¥
PP
B ol © Hw N h P
2TEA 4
]
1 T T d« vV
R'T A ; N
01T v 171
% O
06° O
80 O
“h
b u )
X . 7 hw o

Ny ¢quetorzzecs eoxog-remroy

N
°
-

1k



*PIPNTOUC) ~*+ SANFTL

o s Np/Wy puwe /7 Jo uoryeTaEA (0)

Sep ‘v ‘yomyge Jo eTBuy
061 08t oLT 091 041 ot 0ET 02t 0Tt 00T 06 08 oL 09 04 ov ot v4 01 0

15

o

Ao
3

@«
?

et

0°1

o
°
~—

No/mg ‘uoT4B00T sanssexd JO J9QUSD ['eutpnq;%uoq

O
>
-

/7 ‘or3ea TBIp-43TT




‘g°0 = "W
9Seq-38TJ ® JO SOT3STJI9308BIBYD OTWBUAPOISR TBUTPNFTIUOT aYj uo 2deyUS 9SOU UL SUOTFBTIBA JO 309JJH =-°C o2an3TJ

TeUTWON

o yamw To pue ‘Ip

Iy Jo woTyeTABA (B)

Bep ‘v ‘yomype jo oyFuy

*oGT JO 9TSUBTWAS 9UOD PUB (L *0 JO OT3BI SSIUSUTJ UYITA SU0D pajuntq

06T 08T oLT 091 ot 0€T 0ctl 01l 00T 06 08 oL 09 04 oV o€ 0c 0T 0 0T~
0
"
j o% § @o.wa | | 489 © pop
3 "PBg g bbb ] -
L Pa S o Bop
q 21
91
0°c
& ”
o g
g & ST - 0
N ® Bog ¢ 8 8
2 © ~N— mm A 2 @ = g 8 v
b g ¥ g d 86
%!
D ¢ b G
o ”
sl we O
0s* Teee O
0 @I O 't
¥  uworqemStyuop
wt@i_ \ n
L y 4
SEEXEXET &L AR  AREESSsALLELL L JuanE
| )

0y ‘quetorszece Sexg

'I:) ‘quetorzze00 NI

%y ¢quetoTyzecs
quamom SUTYIYIg

16



*panUTUOY - -*G SINITL

‘o ysra Yo pwe Ny o worgeramA (Q)

Sep ‘p ‘yowygE JO OTBUY

061

08T OLT 09T 06T  O¥T  OET 02T Ol 0T 06 08 O 09 06 O Of 02 0T 0 O
0°z-
9°1-

o—p 0

P D
5 z1-
o3
8-
[22)
8 "
- ° o
>} H =~ME0]
% . v 8 own
- g g g
FHE S 8 8gompon | |7
g
gL wEe O
0g* ez O
0 T O o
A uorgeanBrucy
-
a b O g 5 © °
04
5 o)
g ° i
¥4 20 i ¢
B3 4
,mo
21

FUOTOTFI000 80J03-TRTXY

Vg ¢

Ny ¢quetorzzece 90107 TRIION

17



06T

*papnTouo) =-*¢ [INITI

oy NpfUy puwe q/71 go woTgETaEA ()

Sep ‘v ‘yoeqre jo oTSuy

08T -~ OoLT ~ 091 0ST o¥T 0ET 02T 0TI 00T 06 08 oL 09 0$ o€ 02 0T 0T~
J
I Sdelg
D
[N e O
() 0g* 'ez 0O
0 el O
b1 uoTgBMITFUOY
a P m@ !
3 .
o) § OB B : el
d & } 8 & : )
TP oo®HEE G T . 5884

B

et

9°T

I-

Na/mg ‘uoT9®00T oaussead Jo J9qusd TEBUTPNGISUOT.

@/7 ‘o1y81 Feap-q31y

18



oét

*2'T = “W TBUTWON

*oGT JO ST8uBTWSS 2U0D PuB (), *0 JO OT3BI SSSUSUTJ UYJTM SUOD PIajunTq

9sBQ-38TJ B JO SOTYSTISIOBILYD OTWBUAPOISE TBUTPNGTSUOT U} UO SSSUIUNTQ 9SOU UT SUOTIBTIBA JO 999JJF -*9 oangTd

‘o e I pue ‘Tp

gop ‘o ‘joryje Jo o7y

Uy Jo UOTABTIBA (e)

08T oLt 091 0ST ovl 0fT 0ct 01T 00T 06 08 oL 09 0s oY 0C 0T 0 01~
0
e
£
| g8 8g G800 [ |
85 i o :
o Q) m m m @@m@ 21 m.
bgl 9 v 2
D e
D g ©
d b ) 9°1
0°c
8§08y
2] _ © £
a @ B @ _Cu 0 =
D
@ P Bg o P g
» , ¢ & 8 g9° o &
b 2 88
o 9 9? F
g o
[N w©e O
0s* Teee a
0 Tect O 1
A uoryeImIrIuc)
B L “gz
? BB E _ ZE
le Y lm @ w w = m o oy 8.
2 ) s oeP 88 ST T e g8 8 P ° mm
< B
20 £ 2

19



06T

*panuTauU0) -9 2aNITI

o s Vo puwe Ny o worgerama (q)

Sep ‘v ‘yowyye Jo eTBuy

081 OLT 091 0T 0o¥T  OFT 0z1T 011 001 06 08 ol 09 (V4 ov 0¢ 0z 01 0 01~
0°2-
[0] N 9°1~
D
L
@O@ 2T~
8
& E
g~ B
8 a g
8
- g
e,
) . &
g 8 g
© : v 5
oo P o
sl wE O
0g° e O 21
0 wr O
3. uorqeanSrIucy
-
D) ot . 0
< b QG
—

(o]
°

<
Ny ¢queroryzeoo eoxoy-TeuxoN

o~
°
-

20



*popnIouo) -°9 INITI

‘o uyw Np/Wy pus @/1 3o uorgeraEA ()

Fep ‘v ‘jyomyye Jo oAUy
06T o0gt oLt 09T 04T O¥T  OET 02T  OTT 00T 06 08 oL 09 04 oy

21

’ : 8 W@_ww

s

b

[T 'E O
0s° ez O

Na/ma, ‘uo1qe00T eanssexd Jo Jequed TBUTIPN]TBUOT

0 @l O
i uoryeamSryuoy

A _u,e_ oot

Qr

/1 ‘o181 FeIp-3ITI




06T

98BQ-98TJ B JO SOT}STISJORIBYO OTWE

*Q°0 = W TeuTwmoN ‘oGT JO STSUBTWSS 2u0d pus ssou TeoTIayds U3 A SU0O pagunTq

° wmm G pwe Ty W 10 uorgerae, (=)

Sep ‘o ‘yomyye jo oyuy

ufpoase TeUTPNGTIUOT ayg wo OTJBI SSSUSUTJ UT SUOTIBTIBA JO 909JJH -*

), aangTg

08T  OLT 09T 04T 0T 02T  OIT 00T 06 08 ol 09 0 oy o€ 0z 0T 0
g9 ¢ P P o o L L L[] | g8 peR
n - O U B B
. 208 4 9 PoriPoobboblddY
&
& m n ¥ :
s [ei] WU@ nill nl UnUﬂ [0 Bl e Bl e o
4 & " 399 K w D o P ) -
o XhERE PoFXade
@ mw W b G | g
E [
00° T e O
(A =T O
05°0 ©BII O
X uorjeamIriucy
/ L
- - 00 0B -
g {a 88 P .@A,oouum.nnnsnamm L
>0 & & JWA g Y o O .AV( cmm%@@ ™

b

‘ < o L% o O o [e o]
. . . " . .
' o~ - —
Clo ‘quetT0133900 Beag

[ee]
0

el

2t -

z

Ty *quetotyzecd 3371

% ‘quetorszece

JUSWOM-BU TYO} IJ

22



sponuTquUo) =~°*}, sanSTd

‘o uysta Yp pus Ny jo uorseramA (q)

. Sop ‘v “yowym Jo o1 .
06T - 0gT- OLT 09T ~ 04T opbT ~ OST 02T OIT 00T 06 . 08 ol 09 o0& o¥ . of oz o1 0 o~

0°2-

5 3
a g
3 3
5 .8
2 L - W
13 4
L Lo o 8
|W_ 13} AIV_ @|@ L0 o &
- Q
S
D f m w @ @ & b
o 1 7 m m
g
00°T . _ET O
4l et O 1
05°0 it o
N . uo19BInST U0y
v
e " i
D ® O o Lo £
K8 i R aa 0 Tm..,
7 = = I
a d d 1= g o mmu 5] B o [0 + M
% PO O o | B ddd 9 94 g
4 lotst—F-H fap :
9 PP PO s L LLb 9 ¢ &
®H g K &
4 e
SR =

o
.
~

25



*papnTouo) =°*), aanITd

oyt Np/Wy puwe @/7 Jo worgeramA (0)

Bep ‘v ‘yoryye Jo oTIuy
06T 08l oLt o9t 0S1 ort €T ozt 01T 00T 06 08 oL 09 0s

Na/mo ‘uo19800T eanssead JO JI9qUSO TBRUTPNGISUOT

.
ww ] Nzy.)w Wumv L T 04§ 4 gd N
4a48 94 : 28 0 0 0D d 4 4
i) \z.,.vm . F TS oaam% 8L
3 70
- &
3
e
1 00°1 ' O
sLe et O
05°0 ' O
X uotgeamdryuop
. al
R Rl ao@xg &.w%w.m
~® A A.,v a m . S > :
¥ AR G G T
FEEEROE

@7 ‘ot9ea TeIp-931T

2k



‘2°T = "W TBUWON ‘oGT JO OTSUSTWES SUOD pus 950U TBOTISUAS YJTA SUOCD PIJUNTQ
288Q-98T] B JO SOT4STIO30BIBYD OTWEUADOIS® TBUTFPNGTSUOT SU3 UO OTFBI SSOUSULJ UT SUOTIBTABA JO F09JJH -°Q 9IN3TA

o mm T pue ‘Ip Uy Jo uoryeTIBA (B)

Bep ‘o ‘yowqge Jo oTBUY

25

< o < <
~ ~
0y ‘quetorzgeoo Feig

o
Q
N

Ty ‘querorzzecs 9317

08T  OLT 09T 0§T 0T OET 02T Ol 00T 06 08 oL 9 0% or R 4 o 0 o1-
o
g _ur_
0 0%2%?0 = >®w®w
g o ]
. Ms <& v@ O o L )%m_u_un m%l@mmmmmmu
_.&0 v¢¢v,v<<w).%©
5 B8P ©
s 08
g
. gefon |
.8 A_J .UJ EGHEH~|
§ wauoo rr:mmmmm@a
5 498 > "9 0 i
@ a1 a4 N o d 3
roTe < MESBYBY
wm [6) GO r__uD
po .
i3} 0T wE O
ale @l O
05°0 2Tt O
X uoT4RINIT JUOY
%Iv.gajjf,mmm
A & &9 MmuwwﬂN oo g9 8B8IA gy
e 8 8 & &% HEEEEERERR

Wy ‘quetorzzeco

quemom.Bu TY03 Id



*PINUTRUCY =°Q 2INTTL
o wm V9 pw Ny jo uorgerres (q)

Bep ‘» ‘yowge Jo oTuUY

oLt 041 0ET 0TT - 00T 06 oL 09 0$ 0e ot 0
0°2-
QO ¢ ) 8 & o1
3, o] 21~
& 1
o
O g
2]
| Q
& O ¢.-m
g =
MW« fin] 0 m.
g
Q
& TSR v g
eERe | _
2l 3 ololk BBB o
gi] ﬁ m_ Wiv Gu
00°T wr o olo B
[N jr-AdNe o
06°0 Rl O [
X woryeanBryucy
V-
T T o §
& 6 B 3 5° B
@ a ] !
2 .ch_u > g o g6 P° w
o5 S ORK) g c = iagta . g g
9 P o 4 g w
SRR b P b b 0 B
> ’ < =
> P O 94 't -
Nnu
9'1

26



*POPNTOUO) -*Q 2INITA

» uyta Np/Ty pue /71 Jo worzeTaEA ()

Sop ‘v ‘woelye JO oTBUY
081 0LT 091 04T ovT 0ET et 01T 001 06 08 0L 09 04 ()4 o€

27

No/m;) ‘uotgeo0T eanssead JO J9qUL0 TBUTPNGTSUOT

0
.
—

~—
1

o

!
2 @@w@gjccmccrﬁrﬁmm O oie
b D@ S BR RN BB BBAd A dddao
OVYrT = % EESIIKS OOAV
3
D ]
P iaj
07
00°T r2 3 S
4L 2l O
05°0 21T ]
X U0T}BINGT JUOD
53—
& _ W@@waﬁuwmmﬂqunm; 3
ccof WYEEEE & S 58S & 8
BEY o o 4 o ¢

~

@/ ‘oryea FBID-3ITI




*8°0 = W TeUTWON °GL°0 JO OT}BI SSOUSUTJ PUB 2S0U TwoFIouds U3TM SU0D pajumTq
9SBQ-38TJ B JO SOTYSTI30BIBYD OTWRUAPOISE TBUTPNGTIUOT SU3} UO STIUBTWSS SUOD U SUOTIBTIBA JO 109JIH -*6 oInITd

o mm T pue ‘L W 0 vorgerrEs (R)

Bop ‘o ‘yomyqe Jo oTuy

@y ‘quetorzzeco Beag

06T 08l oLt 091 04T o¥T 0T 02T 01T 00T 06 08 oL 09 0$ o o€ 0z ot 0 o1-
b 4 0
. - ] b
IRERE =Y mw@@w:w
m w N ﬂ £ m 8
S ©
AR
e - 28
A7 § o
9°1
0°z
-
5 P
) gue N
4 am
b \V Q A D .v.
Y o ) & o @ u W mw 4
3 | =
- 8°
oz e O
gt w@er O
ot mwr O et
Bop ‘9 uoTyRMITIUCY
|
N
a L g ® %e e
O [0 KB o4 0
z°

Ty ‘quetorszecs 4311

% quetorzzece

UeWON-BUTYO} Id

28



*ponUTIUO) -*6 2INBTL

‘o m Yo pue Ny Jo uworgerama (q)

Bep ‘p ¢3owy9B Jo OTBUY
06T 081 oLt 091 04T ovT ~ OfT 0zt 0TI 00T 06 08 oL 09 04 of of 0z ot 0

29

8
ST

¥y ¢queto13ge0d 80I103-TETEY

&. il
oY
g
o}
@
- @ -
MW ﬁ& o> § O & W
Y m @!@
0z 1eeT O
St Wl O
0T 1T 0O

Sep ‘g uoryEINITIUOD

03
[}

Finy
»
oy
&
P
B
a3

(o)

x>

2
AN
eilaYe

<
.

o]
3

Ny ¢quatorzzecs so103.TwiLION

o~
°
—



*papurouo) =°6 2INSTd

‘o ma N/ pue Q@/T 3o uotyetIsp (9)

Bep ‘v ‘yowlqE JO 0TI

06T 08T 0T 09T 04T 04T OFT 0T O 00T 06  o0g oL 9 o5 or  of of o ol
7
) m P~
| £8 &9 | e 5@ 0
- > Q
o] i
g
21
0c €21 o
[©] gt =T O
01 et O 9°1
Bop ‘9 uorqmmIryucy
-
b
& & 5 : 0
© 5 & € o
1
2

M:)/"‘;) ‘uo19200T -oanssead JO J9qUeO TBUTPNGTIUOT

@/ ‘01981 Feap-33TT

30



‘2T = W TeutwoN °CJ*0 JO OT3BI SSAUSUTJ pue asou TeOTIayds YITA SUOD pajzumTq
295BQ-9BTJ B JO SOT}STID}OBIBYD OTWBUAPOIS® TBUTPNGTBUOT SUj UO STBUBTWSS SU0D UT SUOTFBRTIBA JO 309JJH -*OT 2an3Td

‘o e T pue ‘I U Jo uorgeTIEp (B)

Fop ‘o ‘yoeyre Jo oTduy

6T ogl OLT 09T  0ST  ObT  OFfT 02T 01T 00T 06 08 ol 09 0% or 3 (4 0T 0 01-
v 0
v
g
8 & o}l .8
; H Boob | |” =
fege o d 8 aB8B b 5
S BB Bo s :
O8O - 8 27 %
DWH O St
- B A
o
o o ¢ 91
0°z
— .Vol
e A 0¥ 0 m
g ST B &
® 283 o < greS g
Lo S @ @ g b IH
D m&@k & 5 g
3 : s
3838 ¢ o
0z e O
4 T O .
01 et O et
Sep ‘g uOT}BANITIUO)
g
d00%®6 0, 000k
X . R ; " 3 g e &
ﬂ mv 3 nv hv AU W@W( m G G ﬂ 1 w @ @l@g 0 nnuu,.m
2

51



*PINUTRUO) -*QT SINTTA

o mr Vo pus Ny jo worgerres (q)

Bop ‘o ‘yoryye JO OT3UY

¥y ‘quetoryzeoo 9010j-TeTXY

<
.
'

o

<
.

08t oLT 091 041 ol 0€1 0CtT o1t 00T 06 08 ol 09 04 oy ot 0c¢ 0t 0
@
2]
(5]
R+
g
NW 12}
Q
B .
PPP o5

SPHE o o oo B8
0z O % S8 %

SI z74 S o)

0t et a

Bep ‘9 uoTYBaNSIFUOY
T v ol
) > o w
i 0.8 : Qg e
e g ¢ R
i - e AN . - N : m .
. A 1 B Bg m_ :

«©
.

Ny ¢quetorzge0o eo103-TEMION

o~
°
-~

32



*popnTou0) - 0T 2INITA

‘D YA zQ\ao pue /7 Jo uOoTyeLIBA (9)

Fop ‘v ‘yoeqre Jo oISuy
08t oLt 091 081 0241 0t 0c1 0Tl 00T 06 08 oL 09 05

35

f
£
o5 &
NG 28 @@@@@@@@ .
- 58P &8
L O
>
il 0z e O
18 @l O
01 el O

Ng/My uotqeooy sanssead yo Ioqueo TeuUTPNGISUOT

Sop ‘g uOTYRINITIUO)

|

BTN

ISV

aj !

)
1°23

[54
a
o3l
B
o

@/7T ‘01981 Sexpoqyry




06T

‘Q'0 = “W TBUTWON *oGT JO oT8uBTWAS Su0d pue ‘G0 JO OT3BI SSoUSUTF ‘asou TeoTaayds UITM
Su0d pajUNTq B JO SOT}STILOBIBYD OTWBULPOISR TBUTPN}TFUOT 9Y3 Uo odBys 35Bq U SUOTYBTIBA JO 30973F -°TT aan3Td
o wm O opwe T W g0 worgerass ()

Bep ‘v ‘yoryqe Jo oTSuy

08T oLt 091 081 ot 0T 0zT 01T 00T 06 08 oL 09 04 ot o€ 0c 0T 0 01~
0
y 5 oD v
g 03 @ , 4 9°©
teagy 199 PoeoBOOl4Q o
] . g9 ]
L & 849 d
g [ $THY
o T & & c'1
he N & mw
¥ g
9T
0°z
-
0 ! : .u =
& L ] 5oP 0
| o %% o190
jo & J
8 Il |G o3 Y8ege 49 "
&% m el M T 99 d 9
d
D & Bd < . : g8°
9ABOUO) €22t O
XoAuop et ] .1
YeUd 2 O . ¢
edeys osBg uoTyeINIT JUO)
L -
) ¥4 - o B
O &bl a§3 200 TPMbodobosb ] X
A4 & o o @ ﬂ ", T 51 g 94 [0l Ko (C] = 0
1] i}

@y ‘quetorszece Bexg

'Io ¢queTOTIJ000 3ITI

% ‘quetotzzeco

JULWOm-FU TY2G Id

34



*PINUTAUOY =TT SINSTI

‘o gy Vo pue Yy jo worgerrEA (q)

Bep ‘v ‘jomype Jo oTRuy

55

V5 “quato1yjeod 80103-TRIXY

.
1

o

<
.

[se]
.

061 038t 0LT 091 04T (048 0ET 0ct 011 00T 06 08 oL 09 04 oy
&4 > .
g P PBag &G ©
T @ d <
-
ua) . 4
Y [0))
. q
4
&
51} 4}
] oo
o 8 &8 8 5 5
5 $oF b % J
9ABOUOY geet (o3
XaAuoy cet m]
el Tect o
adeys osBf UOT}BINITIUOY
2 e 88
o0 894 )
% a m
IER:
98 88 6 oy &
® o 8 & & © o
g g N

Ny ¢quatoryzece 9030 TBULION

o
.
—




*papnTou0) =-°*TT 2INITA

‘o ysta Npfuy pue @/7 30 uoTyBTIBA (D)

Sep ‘» ‘yoryye jo oTSuy
061 08T  0LT 09T . oST ovT - OfT 02T 0TT 00T 06 08 oL 09 0$ ot o€ 0z oT: 0

No/®y uotqesor eamssead o toqueo TeuTpnyTHUOT

\\
H
) . o 8 % nl
;! 83 LT 0BT Pobodo ¢ s b opd
X & 51 g Y 9900 5
= 0]
13]
iS
a]
7 oAwou0y) gl O
q XoAUOp @l O
1eu "eI O
odeys eseg uworyEINBrUOY
N
o Y1 ®F N
€ g T © %o g o
© o 1 4 d o) @ww@w@mr o
B&Ed g8 & 94 ¢

@/T ‘ot9ex Beap-93rT

36



2T = "W  TeUTWON *oGT JO STSUBTWOS 9U0d PuB ¢CJ*0 JO OTRI mmmnwnﬂ.w “agou TeoTIoUds YqTM
QU0 PaJUNTY B JO| SOTFETI930B8I8YD oﬁﬂwﬂh@onmﬁ TRUTPNGTIUOT mnv uo wmgm mm.mn. ‘UL SUOTBTIBA JO 308JJH -°*ZT oMITJ

o mm GO pm T T mo.. noﬂﬂ,ng ?v ;

 Sop o m_%ﬁa 3o oTduy . . .
06T OBl O 09T OST  OVT OET 02T O 0T 06 08 oL 09 0§ oy O o0z of o -~ o1-

-

oE
.
1

0
v
nga8ea ] B A L] oo | | .
4439 | _, > BB b | | 4 do°f °
L Dn_.. ol : ] 0 .).OOO. | ot
Hu !>} M. .0
oo Hm_m , 8 7 ot
289
0°e
b P w W s _ R
n1t . ~ X ; . . 0"
& i ] b o) GC
Ho & o] o} oo o o (0]
N . D E
IF@ - O g S 9 g B
m‘wn P ﬁ. a9 4
L1178 & o 93PC ¢ | -
9ABOUOY gzt - O
XeAuop gl 0o
1814 Teet Q
odwys osug :oﬂd.iwmhnoo
3o INPPERES e AMd AR A3 R olofo-bob | o
RO [0} A— o a . |55 o = -
e

37

@y ‘quetorzzece Sexg

Ty ‘‘quotorzzeco 33T

o
.
-

‘queTotrjJo00

QUOWOIL-SUTYO} T

"



*pSnuTqUO) ~°ZT SINFTd

™ mi Yo pwe Ny yo worqeramp (q)

Sep ‘o ‘jyoeige Jo oTuy -

oLt 091 04T ortT OfT 021 )8 00T 06 08 oL 09 0s oY o€ 0e 0T .0 (O
0°2-
BE% & , -
PO og 4 mwo
H [0]9Z¢
D Al O
a 2'1-
o] o &
- B g g K
O d g B e
2 ¥ m.o
m A@. +° M
o = ®
O s )
I 5
£ 0 5
& 8
O ,.D
o006 ¢ v
o
Folf o
o) a ~ hop g
[OJRCANY
~©ABOUO) geet <O .
X9AU0) 222t [m]
1e1d jr74 S e et
edeys es®g uOTHBINSIIUO)
b*-
g
Pe>Y m.
o ° 4
® LB 5T g
[}
Q 8
8 o] 2,
AR d
OB o " 0 8 8
‘ PP opRBd9 K
No
21

38



*papnToUC) -*zT SINITA

‘D gITA zQ\ao pue (/T JO UOT3RIIBA (2)

Sep ‘v ‘3yomiye JO 9TTUY

39

N;)/mg ‘uoTyBO0T aanssead JO I84usd TBUTPNG TSUOT

0381 0LT 091 0sT orT 0tT 02T 0Tt 00T 06 08 oL 09 04 (024 013 0c 0T
D
in]
3 & 4
m%&\v mmrw.WN]B@@GUGGGOQOG.DO..DDO
s
B}
Tusl 9ABOUOD geet &
X9Auop ceet [m]
1eTd Teet O
adeys osBg UOTHBANTTIUOD
& urjhwﬁWQGudu S 15
Auah.ﬁ@nmw mm@ @ 90 d g do

@/T ‘o1yex Seap-3317




*SIoqUMU YOBH OMJ 98 TeST UOTFBINSTIUOD

Jo JO uor3ouny B s %) JO 9AIND 9Y3 UO UOT3BOOT JI399US0=-30USISIII~-JUSWOW JO 309IJH =°CT SINITd
Sep ‘» ‘yomyge Jo oT3uy
091 051 (04} OtT 0zt 01T 00T 06 08 0L 09 04 (074 ot 0c 0t 0 01-
-
e e S—1 T e~
I s o o e, S ) N Y R e e
. — — j/.. I'II:!.I:-’ /I
I S i | I lll e
— -— \.\ e — I o
05 @ ———
g ————————
. e*'T=H
999 2
(esou moxy 1 Juedged)
JIoqUe0 ©oULISJOY
= - T 2°-
—T_ 7
\\\\ — y[ —t— = -~ ! |
B \\\\\\\\L;\\NV — [ I [~ 11— - IWIH//I
— L= — T 0
8°0 =
2

Ty ¢quatoryzece
qUemOM-SUTYOG TJ

JUBWONBUTYIF T]

™y ¢quetotszece

L-3392

NASA-Langley, 1963
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